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Abstract
Semileptonic and purely leptonic decays of B meson to τ , such as B → D(∗)τντ and B → τντ are studied.
Recognizing that there already were some weak hints of possible deviations from the SM in the measurements
of B(B → τντ ) by BABAR and Belle and the fact that detection of the τ also occurs in the measurements
of B → D(∗)τντ , we stress the importance of joint studies of these processes, whenever possible. For this
purpose, as an illustration, we introduce the observable, R(D(∗))/B(B → τντ ) where, for one thing, the
unknown systematics due to τ identification are expected to largely cancel. We show that all measurements
of this observable are consistent with the existing data, within somewhat largish experimental errors, with
the predictions of the SM. We stress that precise experimental measurement and comparison with theory of
the branching ratio for B → τντ is extremely important for a reliable search of new physics. Furthermore,
in view of the anticipated improved precision in experiments in the next few years, in addition to R(D(∗)),
host of other ratios analogous to R(D(∗))/B(B → τντ ) in the SM are suggested for lattice calculations as
well, so that for more stringent tests of the SM, correlations in lattice calculations can be properly taken
into account to enhance precision.
Keywords: arXiv:1605.07191, Semileptonic B Decays, New Physics
1. Introduction
The observed excess in the branching fractions of
the semitaunic decays, B → Dτντ andB → D∗τντ ,
has drawn a lot of attention in the recent years. The
present experimental status is summarized in Fig.
1 [1]. ,
Here, R(D) and R(D∗) are defined as
R(D) = B
(
B → Dτ−ντ
)
B (B → Dl−νl) ,
R(D∗) = B
(
B → D∗τ−ντ
)
B (B → D∗l−νl) . (1)
As had been emphasized in several works [2, 3,
4, 5, 6, 7], the theory uncertainties in these observ-
ables are only a few percent, being independent of
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Figure 1: Current experimental status in the mea-
surements of R(D) and R(D∗) [1].
the CKM element |Vcb| and also to a large extent, of
the form-factors 1. Interestingly, the R(D(∗)) val-
ues measured by BABAR [9] exceed SM expectations
1We note here the extremely small (SM) theory error
quoted in R(D∗)(a lot smaller than that of R(D)) and em-
phasize that so far no lattice calculation of the ratio involving
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by 2.0σ and as much as 2.7σ respectively, and if
taken together, disagree with the SM by about 3.4σ.
On the other hand, older Belle results used to lie in
between the SM expectation and the BABAR mea-
surement and were consistent with both [10, 11].
Latest Belle results [12] using the full data sam-
ple of 772 × 106 BB¯ pairs is completely consistent
with SM within 0.6 σ. LHCb announced the re-
sults of their first measurement of R(D∗) [13], and
their result is 2.1σ larger than the value expected
in SM. Both BABAR and Belle have analyzed the
effects of the charged Higgs of type 2HDM-II on
R(D(∗)). BABAR analysis shows that in 2HDM-II,
the measured values ofR(D) andR(D∗) can not be
explained simultaneously by any point in the tanβ -
mH+ parameter space which is allowed by the data.
Hence, 2HDM-II as a possible new physics (NP)
candidate was excluded by BABAR at 99.8% confi-
dence level, while the earlier Belle measurement is
consistent with the 2HDM-II prediction given in the
regions around tanβ/mH+ = 0.45GeV [10]. As is
already mentioned, latest Belle result [12] does not
require 2HDM or any other NP. Also, since LHCb
cannot do B → D semileptonic decays, they cannot
make statements about 2HDM-II.
In passing we mention that a similar pattern,
but with even bigger errors, is observed in the
BABAR and Belle measurements on the branching
fractions of the purely leptonic decay B+ → τ+ντ
which uses both the leptonic and hadronic chan-
nels for the identification of τ . Note in particular
that, both the experiments had earlier used only
the leptonic channels for the identification of τ in
the measurements of R(D(∗)). Only in their latest
analysis [12], Belle has used hadronic channels for
τ reconstruction.
We think it is rather useful to examine B(B →
τν) simultaneously, when possible, with R(D(∗)) for
a variety of reasons. For one, if R(D(∗)) is showing
deviation(s) from the SM, then it stands to rea-
son that B(B → τν) may also do the same. Also
R(D(∗)) may be suffering from background contam-
inations (e.g. from higher charm resonances) that
are difficult to deal with, whereas B(B → τν) may
not have that difficulty and therefore to that extent
may be more reliable.
Moreover, since detection of τ is involved both in
R(D(∗)) and in B(B → τν), by studying them to-
gether as by our proposed ratio, eq.(5), if there are
D∗ over the full kinematic region exists. Fermilab calcula-
tion [8] is only at the end point.
any unknown systematics affecting the τ detection
then they will tend to largely cancel. Finally, in
a large class of new physics models that affect the
τ − ν vertex, the effect of new physics will tend to
cancel in the ratio Rτ (D
(∗)) so this ratio may serve
as a very good diagnostic of the new physics.
Of course, the experimental measurement of
B(B → τν) in itself is extremely demanding and
the accuracy of the measurements to date are fairly
limited (as elaborated in section 2 below) but our
point in suggesting these correlation(s) is to empha-
size their importance for the long run; in particular,
in view of the much larger data sets that will be-
come available from Belle-II in the near future.
Moreover, since R(D) and R(D∗) are indepen-
dent of |Vcb|, we emphasize the importance of
analogous ratios for semileptonic decays B →
pi(ρ, ω) `(τ) ν and similarly for B → D(∗) `(τ) ν
(see eq.(14)).
2. SM vs. Experiments
2.1. B(B+ → τ+ντ )
In Tables 1 and 2, the BABAR and Belle measured
values of the Br(B → τντ ) are shown, using lep-
tonic and hadronic decays of τ separately. Their
combined results are also shown, and they are con-
sistent with each other within errors.
Decay Mode k(×10−4) Signal yield B(×10−4)
τ+ → e+νν¯ 2.47± 0.14 4.1± 9.1 0.35+0.84−0.73
τ+ → µ+νν¯ 2.45± 0.14 12.9± 9.7 1.12+0.90−0.78
Leptonic 4.92± 0.198 17± 13.3 0.739± 0.578
τ+ → pi+ν 0.98± 0.14 17.1± 6.2 3.69+1.42−1.22
τ+ → ρ+ν 1.35± 0.11 24.0± 10.0 3.78+1.65−1.45
Hadronic 2.33± 0.178 41.1± 11.77 3.77± 1.12
combined 62.1± 17.3 1.83+0.53−0.49
Table 1: The measured values of B(B+ → τντ ) by
BABAR in various τ decay modes, and their com-
bined value for NBB¯ = (467.8± 5.1)× 106 [14].
The expression for the branching fraction
Br(B → τντ ) in the SM is given by
BSM (B+ → τ+ντ )
=
G2FmBm
2
τ
8pi
[
1− m
2
τ
m2B
]2
f2B |Vub|2 τB+ , (2)
where GF is the Fermi constant, mB and mτ , are
the B+ meson and τ lepton masses respectively,
2
Decay Mode k(×10−4) Signal yield B(×10−4)
τ+ → e+ν¯τνe 6.8 47± 25 0.90± 0.47
τ+ → µ+ν¯τνµ 5.1 13± 21 0.34± 0.55
Leptonic 11.9 60± 32.65 0.653± 0.355
τ+ → pi+ν¯τ 4.0 57± 21 1.82± 0.68
τ+ → pi+pi0ν¯τ 7.2 119± 33 2.16± 0.60
Hadronic 11.2 176± 39.12 2.036± 0.452
combined 23.1 222± 50 1.25± 0.28
Table 2: The measured values of B(B+ → τντ ) by
Belle in various τ decay modes, and their combined
value for NB+B− = 772× 106 [15].
τB+ is the B
+ meson lifetime. The branching frac-
tion is sensitive to the B meson decay constant fB
and the Cabibbo-Kobayashi-Maskawa (CKM) ma-
trix element |Vub|. With the numerical values of all
the relevant parameters listed in table 3, we obtain
BSM (B+ → τ+ντ ) = (0.947± 0.182)× 10−4. (3)
Numerical value of the CKM element |Vub| is ob-
tained after fitting latest lattice calculation of B →
pilν form factors with the experimental measure-
ments of the branching fraction from BABAR and
Belle, leaving the relative normalization as a free
parameter, for details see Ref. [16, 17]. Here, we
use |Vub| i.e |V Exub | with a more conservative error
from [16] than that of HFAG or PDG (see table 3)
or from [17]). Part of the reason we now feel more
confident about this exclusive value of Vub is that it
is found to be in excellent agreement with the value
determined from exclusive baryonic B-decays [18].
In Fig. 2 the experimental measurements on
Br(B → τντ ) are compared with the SM predic-
tions. In this figure, for the sake of completion, we
also show the estimated branching fraction using
the inclusive measurement of |Vub|, i.e |V Inub | (ta-
ble 3). The corresponding value of the branching
fraction is given by.
BinSM (B+ → τ+ντ ) = (1.413± 0.175)× 10−4. (4)
From Fig. 2, we see that Belle measurement
is roughly consistent with the SM irrespective of
which Vub (inclusive or exclusive) is used and
BABAR measurement just mildly disfavors the SM
when exclusive Vub is used. On the other hand,
if we consider only modes with leptonically recon-
structed τs, BABAR is consistent with both Vub val-
ues and Belle measurement slightly disfavors the
inclusive Vub.
BABARTotal
BABARLeptonic τ Tag
Belle Total
Belle Leptonic τ Tag
SM with Vub
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Figure 2: Graphical representation of the data
shown in tables 1) and (2).
2.2. R(D(∗)) and Rτ (D(∗))
For the measurements of branching fractions
Br(B → D(∗)τντ ), both BABAR [9] and Belle [10]
use purely hadronic tagging of “the other B” and
purely leptonic τ decays coming from the B under-
going semi-tauonic decay. In one of their analy-
ses(in 2016), Belle had used semi-leptonic tagging
of “the other B” and measured R(D∗) [11]. They
are yet to publish their result on R(D) using the
same semileptonic tagging method for the other B.
Most recently, Belle has published another result on
R(D∗) along with their first measurement of Pτ [12]
with the total available dataset of 772 million BB¯
pairs. In that analysis, they have used hadronic τ
decays for τ reconstruction and hadronic tagging for
the other B (Btag). In table (4) we list those mea-
sured values of R(D) and R(D∗) along with their
SM predictions. The same data has been plotted in
Fig.3. We note that like B(B → τντ ) the Belle 2015
data is consistent with the SM prediction, while
the BABAR data exceeds the SM expectations by
2.0σ and as much as 2.7σ respectively for R(D)
and R(D∗). On the other hand, while Belle mea-
surement of R(D∗)(2016) with leptonically tagged
τs[11] is away from the corresponding SM predic-
tion by 1.6σ, the most recent measurement with the
full dataset is consistent with SM within 0.6σ [12].
As mentioned in the introduction, to study the
possibility of correlation in τ decays affecting the
analyses and also for other potentially useful pur-
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Figure 3: Graphical representation of the data given in Table 4. The Dark gray SM bands use the data from
the first row of the table. The three vertical lines for Belle data of R(D∗) are, respectively, (from right to left)
Belle(2015)[10](dark blue), Belle(2016)[11](green) and latest Belle data(2016) with full dataset[12](cyan).
Parameters Values
fB 0.191± 0.007 GeV [19, 20]
GF 1.1663787(6)× 10−5 GeV−2 [21]
mB 5.27929± 0.00015 GeV [22]
mτ 1.77686± 0.00012 GeV [23]
τB+ 1.638(4) ps
−1 [24]
τB0 1.520(4) ps
−1 [24]
|V Exub | (3.61± 0.32)× 10−3 [16]
|V Inub | (4.41± 0.15 +0.15−0.19)× 10−3 [25]
|Vcb| (42.21± 0.78)× 10−3 [26]
mb(µ = mb) 4.20± 0.07 GeV[27]
mc(µ = mb) 0.901
+0.111
−0.113 GeV[27]
mu 0.00236± 0.00024 GeV[28]
λ1 −0.15± 0.15 [29]
λ2 0.12± 0.01 [29]
Table 3: Input parameters used in obtaining theory
predictions.
poses, here we define a new observable Rτ (D
(∗))
as
Rτ (D
(∗)) =
R(D(∗))
B(B+ → τ+ντ ) (5)
where R(D(∗)) is normalized by B(B+ → τ+ντ ).
In order to explicitly spell out the possible can-
cellation of τ systematics in this ratio, Rτ (D
(∗)) can
be defined as explained below.
The definition of R(D(∗)) as used in the experi-
mental analyses is the average of all the R(D(∗))i,
which are given as
R(D(∗))i = 1Biτ
Nsignorm
NNormsig
, (6)
R(D) R(D∗)
SM 0.300± 0.008 [7] 0.252± 0.003 [4]
0.299± 0.011 [31] -
0.299± 0.003 [30] -
BABAR 0.440± 0.058± 0.042 0.332± 0.024± 0.018 [9]
Belle (2015) 0.375± 0.064± 0.026 0.293± 0.038± 0.015 [10]
Belle (2016) - 0.302± 0.030± 0.011 [11]
Belle(2016, Tot. Data.) - 0.276± 0.034+0.029−0.026 [12]
LHCb - 0.336± 0.027± 0.030 [13]
Table 4: The SM predictions and the experimen-
tally measured values of R(D(∗)). For experimen-
tal results, the first uncertainty is statistical and the
second one is systematic. The third row represents
the Belle results published in 2015 [10]. The fourth
row represents Belle’s 2016 results of R(D∗) [11],
wherein the tagging method for “the other B” is
different from the previous analysis. The fifth row
represents Belle’s most recent results of R(D∗) [12]
with total available dataset.
where Biτ represents the branching fraction of the
ith decay channel in which τ has been recon-
structed. Nsig(norm) and sig(norm) represent the
signal(normalization) events and the reconstruction
efficiencies respectively.
On the other hand, the branching fraction in
B → τντ as defined in experimental analysis is
given by
Br(B → τντ )i = Ns
2iτNB+B−
, (7)
where iτ represents efficiency including the branch-
ing fraction of the ith decay mode of τ , which is
4
Rτ (D) (×103) Rτ (D∗) (×103)
SM (With V Exub ) 3.17± 0.61 2.66± 0.51
SM (With V Inub ) 2.12± 0.27 1.78± 0.22
BABAR(Leptonic τ Tag) 5.96± 2.26 4.49± 3.54
Belle(2015, Leptonic Tag) 5.7± 3.3 4.49± 3.54
Belle(2016, Leptonic Tag) - 4.62± 2.56
Belle(2016, Total Dataset, - 1.36± 0.37
Hadronic Tag)
Table 5: Our estimated values of Rτ (D
(∗)) using
BABAR and Belle measured values of R(D(∗)). The
values in the last four rows are obtained using cor-
responding results on R(D(∗) listed in table 4. For
the SM value, we use the first row of 4.
determined by the ratio of the number of events
surviving all the selection criteria including the τ
decay branching fractions to the number of fully
reconstructed B±. The total branching fraction is
defined as the average of all the Br(B → τντ )i.
Now, τ decay channels include both the hadronic
and leptonic final states. Therefore, we can define
observables like Riτ = R(D
(∗))i/Br(B → τντ )i, for
individual τ channels. For each of these ratios, any
(unknown) systematics due to the τ identification
is expected to cancel in the ratio iτ/Biτ . Then we
can combine all such ratios to obtain the observable
Rτ (D
(∗)).
As the available experimental results on R(D∗)
do not mention the statistics for each channel sep-
arately, we show the values of Rτ (D
(∗)) in table 5
and Fig. 4 using the average value of Br(B → τν)
for either the leptonic or the hadronic channels de-
pending on the τ detection procedure of the cor-
responding R(D(∗)) measurement. For the rest of
the paper, we will use use these leptonic or hadronic
averages for Rτ (D
(∗)) unless otherwise specified.
While this observable (eq. 5) has the advantage
mentioned before of cancelling (unknown) τ detec-
tion systematics, it has the drawback that it de-
pends on Vub. Consequently, this tends to increase
the theory error in this observable but perhaps for
testing the validity of the SM, this cautious ap-
proach has an advantage. Note also as stated earlier
we tend to think that the exclusive Vub is now quite
robust.
Be that as it may, the estimated values for
Rτ (D
(∗)), using the results obtained in different ex-
periments and the SM expectation, are listed in ta-
ble 5 and plotted in Fig. 4. We note that all the
estimated data from different experiments are con-
sistent with the SM predictions; remarkably, the 2
- 2.7σ deviation of the BABAR results on R(D) and
R(D∗) from the SM do not show up in our observ-
able, using inclusive or exclusive determinations of
Vub. The BABAR and Belle results are also fully con-
sistent with each other, primarily due to the large
errors in the data(particularly in the channels with
leptonically tagged τs). In addition, Rτ (D
(∗)), ob-
tained from channels with hadronically tagged τs
has smaller error and differs from the SM predic-
tion(with V Exub ) by about 2.1σ.
As the current measurements of B → τν have
rather large errors, it may well be that for now the
ratio is hiding NP beneath the errors; however, we
are stressing its long term use as more data be-
comes available. Also, as alluded to before, we
want to emphasize again that the consistency with
the SM in Fig. 4 or table 5 does not necessarily
mean that it rules out presence of new physics. It
just means that the effects of new physics, if there,
largely cancel in the ratios. Later we will illustrate
this with a particular example of new physics, i.e
type-II 2HDM.
2.3. R(Xc) and Rτ (Xc)
We now consider the inclusive decay channel
B → Xcτντ along with the exclusive channels
B → D(∗)τντ , discussed earlier. If there is NP in
b → cτντ , it should show up in both the exclu-
sive and inclusive channels. Inclusive semileptonic
decays are theoretically clean compared to the re-
spective exclusive decays, but experimentally chal-
lenging. The forthcoming experiments like Belle-II
may allow a precise measurement of the branching
fraction of B → Xcτντ . One potential advantage
of the inclusive mode is that its branching ratio
is expected to be larger than the exclusive modes.
In a B-factory environment, as in Belle-II, the ex-
perimental detection may be facilitated by (partial)
reconstruction of the “other B”. Unfortunately, at
LHCb the inclusive measurements are always very
challenging.
The SM expression for the differential decay rate
of inclusive B → τ ν¯Xc transitions including the
power corrections at order 1/m2b in heavy quark ef-
fective theory (HQET) is[32, 33]
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Figure 4: Graphical representation of the data shown in table 5. Each experimental result of R(D(∗)) is
obtained either reconstructing the τs leptonically or hadronically. For calculation of Rτ (D
(∗)), along with
the average value of Br(B → τν), we use the leptonic or hadronic average from tables 1 and 2 depending
on the τ reconstruction method for the specific R(D(∗)).
dΓ
dqˆ2
=
|Vcb|2G2Fm5b
192pi3
× 2 (1− xτ )2
√
P 2 − 4ρ
{(
1 +
λ1 + 15λ2
2m2b
)[
3qˆ2P (1 + xτ ) +
(
P 2 − 4ρ) (1 + 2xτ )]
+
6λ2
m2b
[
(P − 2) (1 + 2xτ ) + qˆ2 (4 + 5xτ ) + qˆ2
2
(
2qˆ2 + P − 2) (2 + xτ ) + 3qˆ2P (1 + xτ )
P 2 − 4ρ
]}
(8)
where, qˆ2 = q2/m2b , q = pτ + pν is the dilepton
momentum, xτ = m
2
τ/q
2 = ρτ/qˆ
2, ρ = m2c/m
2
b ,
P = 1− qˆ2 + ρ, λ1 and λ2 parametrize the leading
non-perturbative corrections of relative order 1/m2b .
Integrating this over the range ρτ < qˆ
2 < (1−√ρ)2
gives us the total decay rate ΓW .
Like R(D), the ratio of inclusive decay rates is
defined as
R(Xc) = B(B → Xcτ ν¯)B(B → Xceν¯) (9)
and its SM value, considering the current world av-
erage B(B− → Xceν¯) = (10.92 ± 0.16)% [34, 35],
is given by R(Xc)SM = 0.225 ± 0.006. In order to
estimate R(Xc)Exp, we take the ratio of the LEP
average B(b → Xcτ+ν¯)LEP = (2.41 ± 0.23)% [36]
and the world average for B(B− → Xceν¯), and we
obtain R(Xc)Exp = 0.221± 0.021.
Like Rτ (D
(∗)), we define Rτ (Xc) by normalizing
R(Xc) with B(B+ → τ+ντ ). In Fig. 5, different
values of Rτ (Xc) are shown which are obtained for
different values of the B(B+ → τ+ντ ) taken from
BABAR and Belle measurements (for channels with
leptonically tagged τs in Fig. 2). We note that the
estimated values obtained using both the measure-
ments are compatible with each other, also both of
them are consistent with the SM. Again, as in the
case of exclusive modes this does not necessarily
mean that presence of all types of new physics are
being ruled out.
2.4. R(pi) and Rpiτ
Since R(D(∗)) is independent of |Vcb|, if the in-
terpretation of new physics there is correct, then
we should expect similar deviations in analogous
semileptonic decays(B → pi(ρ, ω) `(τ) ν) and sim-
ilarly in BS decays. Therefore, in addition to the
above modes we also consider the decay B → piτντ .
Earlier, in the literature this mode is considered for
NP searches [37, 3, 38, 39, 40], while B → pi`ν`,
with ` = µ or e, is used for the extraction of CKM
element Vub [41, 42]. The useful observable which
is potentially sensitive to NP is defined as
R(pi) = B(B → piτ ν¯τ )B(B → pi`ν¯`) , (10)
where the dependence and therefore the uncertainty
due to Vub cancels in the ratio; similarly, R(ρ, ω)
should also be studied.
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Figure 5: SM (horizontal gray bands) estimation
of Rτ (Xc) juxtaposed with experimental measure-
ments (vertical bars).
In the SM, the differential decay rate for the de-
cay B → piτντ is given as [40]:
dΓ(B → piτ ν¯τ )
dq2
=
8|~ppi|
3
G2F |Vub|2q2
256pi3m2B
(
1− m
2
τ
q2
)2
[
H20 (q
2)
(
1 +
m2τ
2q2
)
+
3m2τ
2q2
H2t (q
2)
]
,
(11)
where, q is the four-momentum transfer between
the B-meson and the final-state pion of the semilep-
tonic decay, |~ppi| is the absolute three-momentum of
the final state pion,
|~ppi| =
√(
m2B +m
2
pi − q2
2mB
)2
−m2pi (12)
and H0/t are helicity amplitudes defined as
H0 =
2mB |~ppi|√
q2
f+(q
2)
Ht =
m2B −m2pi√
q2
f0(q
2) . (13)
The form factors f+/0 need to be calculated us-
ing non-perturbative methods, such as the lattice
[16, 17]. Setting mτ to zero in eq.(11) gives us the
expression for dΓ(B → pi`ν¯`)/dq2 to an excellent
precision. Taking the BCL coefficients and their
correlations from ref.[40], we calculate R(pi)SM =
0.598 ± 0.024. The error is around 4%, which is
only slightly larger than the value quoted in that
paper (0.641± 0.016) or essentially the same result
of [43]. Recent result from Belle [44] gives us an
upper limit on B(B0 → pi−τ+ντ ) < 2.5 × 10−4.
Dividing this with the present world average of
B(B0 → pi−`+ν`) = (1.45 ± 0.05) × 10−4 [45], we
get the upper limit of R(pi) < 1.784.
We now introduce a different observable than our
previous normalized ratio in eq.(5)
Rpiτ =
B(B → piτ ν¯τ )
B(B → τντ ) , (14)
for which the SM prediction is Rpi,SMτ = 0.733 ±
0.144; the error is around 20%. We define Rpiτ in
this way instead of R(pi)/B(B+ → τ+ντ ) as in the
former definition the dependence due to Vub cancels.
In the latter definition the dependence on Vub will
remain, though the error in the SM is still around
20%. Let us note in passing that a ratio analogous
to eq.(14) in case of B → D(∗)τν decays can also
be useful.
Using the combined Belle result for B(B →
τντ )(table 2), and the upper limit for R(pi) quoted
above, we obtain the upper limit for Rpiτ < 2.62.
3. Type II 2HDM Model
The 2HDMs with two complex Higgs doublets
are amongst the simplest extensions of the SM
which gives rich phenomenology due to the addi-
tional scalar bosons. The extended Higgs sectors
have not yet been ruled out experimentally. The
new features of the 2HDM includes three neutral
and two charged Higgs bosons. The most general
Yukawa Lagrangian induces flavour changing neu-
tral current (FCNC) at the tree level. However, the
2HDM-II is designed to avoid FCNC at tree level.
In this type, one Higgs doublet couples solely to
up-type and the other one to down-type fermions
[46, 47]. As a result the decay modes B → τντ and
B → D(∗)τντ are found to be sensitive to the effect
of charged Higgs at the tree level.
In the following subsections we will discuss the
constraints on 2HDM parameter space using the
above mentioned observables. The same analysis
can be extended to other models as well. As we can
see from Fig. 1, R(D) and R(D∗) are highly cor-
related. Therefore, while constraining NP, it would
not be a good idea to consider the data onR(D) and
R(D∗) obtained using two different tagging meth-
ods. From now on, we will use the data given in
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table 4 and 5, except Belle’s most recent(2016) re-
sult of R(D∗) [11], since, as explained before, in
this measurement they have not yet given results
on R(D) using the same hadronic tag for “the other
B”.
3.1. B(B+ → τ+ντ ) and R(D(∗))
In two Higgs doublet models, purely leptonic
decays receive an additional contribution from
charged Higgs, which can be factorized from the
SM prediction [48, 49, 50, 51, 52, 53],
B(B → lν) = B(B → lν)SM (1 + rH)2. (15)
In 2HDM-II, the factor rH is given as,
rH =
(
(mu/mb)− tan2 β
1 + (mu/mb)
)(
mB
mH+
)2
. (16)
Here, tanβ is the ratio of the vacuum expectation
values of the two Higgs doublets, mH+ is the mass
of the charged Higgs and mu/mb = (0.56± 0.06)×
10−3[25] is the ratio of the u- and b-quark masses
at a common mass scale.
The contributions of the charged Higgs to B →
D(∗)τ−ν¯τ decays can be encapsulated in the scalar
helicity amplitude in the following way[4, 37]:
H2HDMs ≈ HSMs ×
(
1− tan
2 β
m2H±
q2
1∓mc/mb
)
.
(17)
The denominator of the second term of the above
equation contain (1 ∓mc/mb), where the negative
and positive signs are applied to B → Dτ−ν¯τ and
B → D∗τ−ν¯τ decays, respectively. Here, mc/mb =
0.215± 0.027 [27] is the ratio of the c- and b-quark
masses at a common mass scale. Thus, the differ-
ential decay rate, integrated over angles, becomes
[9, 2, 54],
dΓτ
dq2
=
G2F |Vcb|2
∣∣p∗
D(∗)
∣∣ q2
96pi3m2B
(
1− m
2
τ
q2
)2 [(
|H+|2
+ |H−|2 + |H0|2
)(
1 +
m2τ
2q2
)
+
3m2τ
2q2
|Hs|2
]
(18)
where
∣∣p∗
D(∗)
∣∣ is the three-momentum of the D(∗)
meson in the B rest frame. Given that charged
Higgs bosons are not expected to contribute signif-
icantly to B → Dl−ν¯l decays, R
(
D(∗)
)
2HDM
can
be described by a parabola,
R
(
D(∗)
)
2HDM
= R
(
D(∗)
)
SM
+AD(∗)
tan2 β
m2H+
+BD(∗)
tan4 β
m4H+
, (19)
where,
AD = −3.25± 0.32, AD∗ = −0.230± 0.029
BD = 16.9± 2.0, BD∗ = 0.643± 0.085 .
A(B)D(∗) are determined by averaging over B
0
and B decays[9]. The uncertainty estimation in-
cludes the uncertainties on the mass ratio mc/mb
and the form factors, as well as their correlations.
The allowed parameter space in the tanβ - mH+
plane using the excess observed by BABAR and Belle
on B(B+ → τ+ντ ) and R(D(∗)), are shown in Fig.
6. We note that BABAR data do not allow a si-
multaneous explanation of all the above mentioned
deviations. However, for Belle data, there actually
is a common allowed parameter space and we show
that by overlapping the regions allowed by R(D(∗))
and B (B → τν) The regions for mH+ ≤ 540 GeV
have already been excluded by b → sγ measure-
ments at 95% confidence level [55]. In Fig.6 and
onwards, this bound is shown as a dotted line.
In the 2HDM-II model, the variations of
Rτ (D
(∗)) with r = tanβ/mH+ for various val-
ues of tanβ, while mH+ is being kept in between
[540, 1000], are shown in Fig. 7. We note that both
BABAR and Belle data discard a solution with large
tanβ (>∼ 30). The allowed parameter space in tanβ
- mH+ plane using the experimental constraints are
shown in Fig. 8. Also both BABAR and Belle data,
given in table 5, allow non-zero values of tanβ and
mH+ , while large values of tanβ are not allowed by
the data. In addition, the allowed parameter space
in all the different cases discussed in table 5 are
consistent with each other.
3.2. R(Xc) and Rτ (Xc)
The theoretical expression for total decay rate
of inclusive B → Xcτ ν¯ transitions including power
corrections of order 1/m2b in HQET, in the frame-
work of type II 2HDM model is given by [29],
Γ =
|Vcb|2G2Fm5b
192pi3
[
ΓW +
R2
4
ΓH − 2Rmτ
mb
ΓI
]
(20)
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Figure 6: The allowed parameter spaces in 2HDM-II, which is obtained from R(D), R(D∗) and B(B → τν)
using the BABAR (left) and Belle (right) data. There is no common parameter space in 2HDM-II which
satisfy simultaneously all the three excesses given by BABAR . However, there are common parameter spaces
which are obtained as simultaneous solutions to all the three excess given by Belle data. The dotted vertical
lines show mH+ = 540 GeV.
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Figure 7: Variations of Rτ (D) (left) and Rτ (D
∗) (right) with the 2HDM-II parameter r = tanβ/mH+ for
different values of tanβ. The 1σ experimental ranges are shown by the dotted (BABAR ) and dashed (Belle)
horizontal lines.
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Figure 8: The allowed regions in tanβ−mH+ parameter space, which are obtained as simultaneous solutions
to Rτ (D) and Rτ (D∗) using the data given in table 5. The dotted vertical line shows mH+ = 540 GeV.
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Figure 9: Variation of R(Xc) with r = tanβ/mH+
(blue region between dotted curves). Experimental
range is shown by the orange region enclosed by
dot-dashed horizontal lines. r = 0 corresponds to
SM prediction for R(Xc).
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Figure 10: Variation of Rτ (Xc) with r =
tanβ/mH+ for different values of tanβ while 380 <
mH+ < 1000. Experimental ranges are shown by
dotted (BABAR ) and dashed (Belle) horizontal lines
.
where, R = r2mτmb, r = tanβ/mH+ , and the
subindices W , H, and I denote the W medi-
ated(SM), Higgs mediated and interference contri-
butions, respectively. ΓW is given by the qˆ
2 inte-
grated form of eq.(8). Other terms are listed in ref.
[29].
Figure(9) represents the variation of R(Xc) with
r. We note that the current data allows only the
region r ≤ 0.4, the region r > 0.4 is not allowed by
the data.
The variations of Rτ (Xc) in 2HDM-II with the
parameter r for various values of tanβ are shown
in Fig. 10. Here too the mH+ is varied in between
[540, 1000] as before. Also, in this case we note that
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Figure 11: Allowed parameter space for tanβ and
MH+ obtained from the analysis of Rτ (Xc) in
2HDM-II. The dotted vertical line shows mH+ =
540 GeV.
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Figure 12: Variation of Rpiτ with r = tanβ/mH+ for
different values of tanβ while 540 < mH+ < 1000.
Experimental upper limit(section 2.4) is shown by
the dot-dashed horizontal line.
the large values of tanβ (>∼ 30) are not allowed by
the current data. The experimental constraints in
the tanβ −mH+ plane, obtained from the analysis
of this observable is shown in Fig. 11.
3.3. Rpiτ
The contributions of the charged Higgs Boson to
B → piτ ν¯τ decays can be incorporated into Eq.(11)
by the replacement[37, 4]
Ht → HSMt ×
(
1− tan
2 β
m2H+
q2
1−mu/mb
)
. (21)
So, just like eq.(19), B(B → piτ ν¯τ ) can be de-
Rτ(π)
Allowed
200 400 600 800 1000
0
20
40
60
80
100
mH +
ta
n
(β)
Figure 13: Allowed parameter space for tanβ
and MH+ obtained from the analysis of Rτ (pi) in
2HDM-II.
scribed as a parabola,
B(pi)2HDM = B(pi)SM +Api tan
2 β
m2H+
+Bpi
tan4 β
m4H+
, (22)
where,
Api = (−0.389± 0.164)× 10−3
Bpi = (0.418± 0.258)× 10−2 (23)
Figures (12) and (13) show the Type-II 2HDM
parameter space corresponding to the experimental
upper limit given in section(2.4). We note that in
this case tanβ as large as 100 is allowed by the
current data.
4. Summary & Outlook
Motivated by the reported indications of new
physics signals in the experimental results from
BABAR, Belle and LHCb in the ratio, R(D(∗)), of
semileptonic decays, in here we examine them along
with B → τντ decays. Since τ detection plays a
central role in both categories, and because back-
grounds in B → D(∗)τν are very different from
those in B → τν, it seems very useful to exam-
ine them both simultaneously whenever the data
allows. Concretely, we define a new observable,
Rτ (D
(∗)) ≡ R(D(∗))/B(B → τντ ). In this observ-
able the (unknown) systematics, if any, due to the
τ identification are expected to largely cancel. Our
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analysis shows that this observable appears to be
remarkably consistent with SM with the data from
both BABAR and Belle 2 even though appreciable
differences from the SM were reported in R(D(∗))
especially by BABAR. Since at present the errors in
B → τν are rather large, it is certainly plausible
that NP is for now hiding in the errors; our main
purpose was to explore and suggest its use in the
long run.
We emphasize that consistency of the experimen-
tal results on Rτ (D(∗)) with the SM does not nec-
essarily mean the absence of all new physics con-
tribution in R(D(∗)) and/or B → τντ . For exam-
ple, for a class of new physics models which affect
both type of decay modes (as happens in 2HDM-II),
NP contributions would also largely tend to can-
cel in Rτ (D(∗)). In fact our analysis of Rτ (D(∗))
explicitly shows that type II-2HDM in the region
of MH larger than about 500 GeV with tanβ less
than about 25 is allowed; in this important re-
spect we reach at a different conclusion than the
BABAR analysis. Indeed, the constraint obtained
on the parameter space in tanβ-mH+ plane is very
similar to the one obtained from B(B → τντ );
tanβ >∼ 25 is not allowed by the present data in
the case when mH+ < 1 TeV.
This conclusion regarding the possible relevance
of type-II 2HDM is of special significance to Super-
symmetric theories as therein type II-2HDM are
crucial.
Analogously, we also study inclusive semileptonic
decays of final states with τ in them. Experimen-
tally, these inclusive final states are especially chal-
lenging. However, at least for Belle II by (par-
tial) re-construction of the “other B”, this may
have a chance and thereby one may be able to use
the higher branching ratio of the inclusive mode.
For this purpose we define Rτ (Xc) for the inclu-
sive decays b→ Xcτντ , and find the constraints on
2HDM-II parameter space. Here too, the allowed
regions are mostly dominated by the constraints
from B(B → τντ ). In addition to the above observ-
able we also study the ratio B(B → piτντ )/B(B →
τντ ). At present, only an upper limit exists for
this ratio, therefore we do not get strong bounds
on tanβ or m+H plane from this observable. Also,
large values of tanβ ≈ 100 are still allowed. Here
too, more precise measurements are necessary to
2We cannot construct such a ratio for LHCb as so far at
LHCb it has been difficult to measure the branching ratio
for B → τντ .
probe the presence for new physics. Also, there are
models of new physics which effect the two modes
in the ratio differently. Our newly defined observ-
able may play an important role in distinguishing
the possible signature of those new physics models
from others.
For a reliable interpretation of new physics sig-
nals in semi-tauonic final states in B-decays, not
only experimental and theoretical precision in those
modes is needed but also more precise measure-
ments of B(B → τντ ) would help significantly. The
expected larger data samples at Belle II by factors
of around 25 to 50 should prove to be very useful in
the next few years in this regard3. Needless to say
more accurate measurements of semi-tauonic modes
would also go a long way. Therein not only Belle-II
but more data from LHCb should be forthcoming
and should be very helpful in significantly reducing
the current uncertainties. In all these interpreta-
tions lattice calculations play a crucial role and in
the next few years in many quantities of interest
to all this physics, percent or even sub-percent pre-
cision is, fortunately, anticipated. In this context,
we want to reiterate that in lattice calculations, in
the SM, in addition to R(D(∗)), ratios analogous
to Rτ (D
(∗)) (see eq.(5)), R(pi), RM
(∗)
τ (see eq.(14))
for B, BS decays, with appropriate choices of M
(∗)
relevant to charge-current semileptonic transitions,
are desirable. This would ensure that correlations
in lattice data are properly taken into account to
enhance precision.
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